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Summary
A columnar type apple tree was grafted on JM rootstock and the influence on growth, fruit productiv-
ity and quality was examined.
Varieties grafted on JM5 had weak tree vigor and low fruit productivity, so there were practical diffi-
culties.
Varieties with weak tree vigor grafted on JM7 had high fruit productivity and quality, but the  tree
vigor could not be maintained. Thus, combinations of these patterns appear to have practical difficul-
ties. Since tree vigor could be maintained when varieties with strong tree vigor were grafted on JM7,
these combinations may have practical potential.
Tree vigor could be maintained with varieties grafted on JM2, but strong alternate bearing
occurred. Practical varieties may be possible by breeding new varieties with non-alternate bearing or
developing new culture techniques with high flower bud formation.
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Fig. 1. Experimental trees of JM2, JM5, JM7 and





























Table 1. The influence of columnar type varieies, tree age and rootstocks on tree height, trunk cross area and total shoot lenght.
)dlo-raey(egAeerTkcotstooRyteiraV
３ ４ ５ ６ ７ ８
Tree height (cm)
8H-9-1 JM2 246± 4 z 322± 9 379± 8 419± 7 457± 4 498± 5
JM5 191±14 211±26 221±26 230±27 226±29 230±33
JM7 229± 7 292± 8 316± 3 342±21 362±10 372±10
Marubakaido 283± 1 361± 3 413± 4 446± 1 484±10 522± 4
8S-60-74 JM2 196± 4 245±10 307±22 337±14 378± 8 433±13
JM5 133± 7 152± 8 170± 9 183±13 194±17 193±17
JM7 178± 2 230± 2 262± 2 291± 5 319± 7 332±14
Marubakaido 201± 2 254± 5 298±11 339± 5 391± 1 439± 5
Wijcik JM2 175± 4 205± 3 252± 4 283± 2 325± 1 364± 0
JM5 126± 0 144± 9 145±20 173± 0 170± 9 174±11
JM7 174± 1 212± 0 242± 1 268± 2 287± 7 295± 1
Marubakaido 191± 2 233± 0 276± 2 308± 0 347± 3 388± 2
Trunk cross area (cm2)
8H-9-1 JM2 9.82±0.42 20.65±0.72 31.53±0.05 41.03±1.17 50.94±0.97 58.22±0.91
JM5 3.61±0.63 4.56±1.00 4.73±0.53 5.77±1.18 6.20±1.46 6.54±1.53
JM7 5.48±0.34 9.32±0.78 11.19±0.35 13.48±1.03 15.78±0.05 16.21±0.27
Marubakaido 11.07±0.12 23.46±0.20 36.39±0.23 50.26±0.55 63.19±0.39 74.62±1.04
8S-60-74 JM2 6.67±0.04 12.21±1.11 17.50±0.29 22.95±1.10 29.81±2.06 33.80±1.87
JM5 2.06±0.23 2.66±0.40 2.93±0.19 3.08±0.43 3.38±0.55 3.65±0.43
JM7 4.02±0.12 5.90±0.38 7.40±0.35 8.36±0.91 9.32±0.74 10.72±1.01
Marubakaido 6.54±0.25 12.89±0.09 19.53±0.19 25.92±1.01 34.37±1.07 40.22±0.81
Wijcik JM2 5.71±0.25 11.60±0.59 14.47±0.33 27.53±0.68 35.28±0.87 44.22±1.04
JM5 2.37±0.26 3.24±0.48 3.72±0.25 3.85±0.62 4.15±0.62 4.61±0.72
JM7 4.19±0.22 7.70±0.33 9.41±0.30 11.34±0.64 12.93±0.81 14.19±0.83
Marubakaido 6.49±0.30 14.17±0.71 21.33±0.54 33.46±2.09 43.18±2.65 55.07±4.52
Total Shoot length (cm)
8H-9-1 JM2 559± 25 814± 87 743± 34 1117± 47 999± 9 477± 45
JM5 126± 35 76± 27 28± 7 11± 5 0± 0 0± 0
JM7 283± 40 283± 14 158± 14 175± 14 63± 11 29± 6
Marubakaido 748± 12 1054± 50 1080± 36 1295± 42 1384± 199 721± 69
8S-60-74 JM2 188± 9 288± 23 366± 15 527± 98 645± 94 461± 27
JM5 46± 7 44± 7 38± 10 22± 4 0± 0 0± 0
JM7 104± 12 140± 21 131± 2 108± 6 77± 9 44± 14
Marubakaido 248± 24 366± 28 475± 2 598± 41 599± 82 513± 87
Wijcik JM2 216± 16 249± 14 349± 47 418± 5 574± 103 477± 77
JM5 72± 10 58± 9 23± 8 13± 4 6± 4 0± 0
JM7 165± 19 180± 7 148± 10 123± 5 47± 4 29± 11
Marubakaido 273± 1 352± 10 427± 5 638± 69 588± 19 628± 11
z Mean±SE (n＝2)



















































Fig. 2. The influence of columnar type varieies and rootstocks on enlargement of the grafted union. Data were the
means of ten trees per treatment and were measured at eight-year-old tree．Vertical bars indicate SE (n＝10).
Enlargement of the grafted union was calculated as follow,
Maximum diameter of grafted union































Fig. 3. The influence of columnar type varieies, tree age and rootstocks, JM2(○), JM5(●),
JM7(□), Marubakaido (■), on yield (kg/tree).
Vertical bars indicate SE (n＝2).
Data were the means of two replications (five trees per one replication) per treatment.
Table 2. The influence of columnar type varieies and rootstocks on the flower buddensity of the lateral branch.
Variety Rootstock Age of lateral branch (year-old)
１ ２ ３ ４ ４＞
8H-9-1 JM2 0.2±0.0 z 1.4±0.2 1.8±0.2 1.3±0.1 1.5±0.2
JM5 － － － 3.6±0.3 3.6±0.4
JM7 1.3±0.2 3.2±0.3 4.4±0.5 3.3±0.2 3.4±0.3
Marubakaido 0.2±0.0 0.6±0.1 1.1±0.1 0.8±0.1 0.8±0.1
8S-60-74 JM2 0 2.4±0.3 2.8±0.3 3.1±0.4 2.7±0.3
JM5 － 1.8±0.2 3.6±0.4 4.3±0.3 3.9±0.3
JM7 0 4.4±0.4 3.3±0.3 4.5±0.4 4.2±0.4
Marubakaido 0 0.5±0.0 1.0±0.1 1.2±0.2 0.9±0.1
Wijcik JM2 0 0.3±0.0 0.6±0.0 0.7±0.1 0.5±0.0
JM5 － － 9.5±0.8 3.5±0.4 4.0±0.4
JM7 0.2±0.0 2.7±0.2 2.9±0.3 2.5±0.2 2.6±0.3
Marubakaido 0 0.1±0.0 0.6±0.1 0.3±0.0 0.3±0.0
Data were the means of four trees per treatment and were measured at eight-year-old tree.
























































Fig. 4. The influence of columnar type varieies, tree age and rootstocks, JM2(○), JM5(●),
JM7(□), Marubakaido (■), on cumulative yield ( t / 1 0 a ).
Vertical bars indicate SE (n＝2).












Table 3. The influence of columnar type varieies, tree age and rootstocks on the fruit quality.
)dlo-raey(egAeerTkcotstooRyteiraV
４ ５ ６ ７ ８
Fruit weight (g)
8H-9-1 JM2 227± 3 z 219± 5 192± 6 213± 1 176± 1
JM5 255± 5 255± 5 200±13 202±29 175±22
JM7 240± 6 259± 4 222± 0 225± 3 184± 7
Marubakaido 260± 1 225± 3 188± 5 210±15 172±10
8S-60-74 JM2 277± 1 254± 8 216± 2 206± 3 200± 3
JM5 294±12 282± 1 229± 3 213± 2 185± 4
JM7 297± 3 299± 6 244± 3 224± 5 200± 1
Marubakaido 251± 7 239± 2 213± 1 198± 3 196± 4
Wijcik JM2 248± 9 208± 4 187±10 188± 9 150± 1
JM5 242± 3 206± 7 205±10 200± 4 182± 8
JM7 257± 3 236± 2 227±12 192± 9 171± 0
Marubakaido 286±18 191± 6 172± 2 184± 8 152± 2
Coloring rate of fruit (%)
8H-9-1 JM2 27± 3 30± 2 54± 0 50± 3 52± 2
JM5 46± 0 65± 2 77± 2 82± 2 85± 1
JM7 32± 2 46± 1 70± 1 74± 3 76± 3
Marubakaido 30± 1 29± 2 56± 2 48± 2 50± 4
8S-60-74 JM2 61± 2 73± 1 62± 5 64± 2 60± 3
JM5 80± 2 87± 2 85± 2 88± 3 84± 2
JM7 70± 2 83± 2 75± 2 78± 3 80± 1
Marubakaido 61± 2 65± 0 56± 1 52± 1 56± 4
Wijcik JM2 51± 3 44± 2 44± 6 43± 1 41± 3
JM5 68± 3 68± 1 70± 4 73± 2 75± 3
JM7 57± 3 54± 3 55± 2 53± 2 56± 2
Marubakaido 38±13 37± 6 39± 4 40± 1 38± 2
Brix %
8H-9-1 JM2 9.7±0.0 10.3±0.0 11.9±0.3 11.8±0.2 12.2±0.3
JM5 12.9±0.2 13.0±0.1 13.8±0.0 14.1±0.1 14.1±0.6
JM7 10.8±0.0 11.6±0.0 12.9±0.1 12.9±0.3 12.7±0.1
Marubakaido 10.2±0.2 10.5±0.0 11.6±0.0 11.6±0.2 11.7±0.2
8S-60-74 JM2 9.5±0.1 9.6±0.1 10.4±0.1 12.1±0.1 10.9±0.0
JM5 13.9±0.2 12.6±0.5 13.6±0.2 14.4±0.4 12.2±0.0
JM7 11.5±0.1 11.9±0.2 12.6±0.0 13.4±0.3 11.9±0.1
Marubakaido 9.3±0.2 9.2±0.1 10.4±0.0 11.8±0.3 10.7±0.1
Wijcik JM2 9.2±0.0 8.7±0.0 10.4±0.2 10.2±0.2 11.0±0.2
JM5 13.1±0.2 11.8±0.2 13.0±0.3 13.3±0.2 13.8±0.1
JM7 10.8±0.1 10.8±0.1 12.2±0.1 12.4±0.1 13.0±0.1
Marubakaido 9.6±0.1 9.1±0.0 10.9±0.1 10.4±0.2 11.1±0.2
Acidity (g/100ml)
8H-9-1 JM2 0.62±0.04 0.60±0.01 0.42±0.01 0.59±0.02 0.49±0.02
JM5 0.73±0.02 0.62±0.01 0.38±0.02 0.58±0.07 0.49±0.01
JM7 0.67±0.00 0.68±0.01 0.39±0.01 0.64±0.00 0.48±0.01
Marubakaido 0.55±0.03 0.54±0.02 0.35±0.02 0.49±0.05 0.48±0.00
8S-60-74 JM2 0.56±0.03 0.53±0.01 0.55±0.01 0.51±0.02 0.60±0.02
JM5 0.69±0.02 0.58±0.01 0.53±0.01 0.56±0.04 0.55±0.01
JM7 0.64±0.02 0.54±0.04 0.54±0.01 0.54±0.01 0.60±0.07
Marubakaido 0.51±0.02 0.51±0.01 0.59±0.01 0.53±0.02 0.64±0.02
Wijcik JM2 0.60±0.02 0.65±0.02 0.68±0.02 0.69±0.01 0.77±0.06
JM5 0.76±0.01 0.80±0.01 0.70±0.01 0.73±0.01 0.77±0.01
JM7 0.82±0.03 0.88±0.01 0.74±0.02 0.76±0.02 0.82±0.03
Marubakaido 0.65±0.01 0.72±0.00 0.64±0.04 0.69±0.02 0.71±0.02
z Mean±SE (n＝2)
Data were the means of two replications (five trees per one replication) per treatment.
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